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A woven carbon fiber fabric, a fiber reinforced plastic molding obtained by using the woven 
fabric, and a production method of the molding 



(57) A woven carbon fiber fabric, characterized in 
that many carbon fiber yarns respectively comprising 
about 40.000 to about 400,000 carbon filaments and 
having filament interlacements between the respective 
filaments are arranged. 

It is preferable that the hook drop value of the car- 
bon fiber yarns is in a range of about 2 to about 30 cm 
and the fineness of each of the carbon fiber yarns is in 
a range of about 25.000 to about 350.000 deniers. 

It is preferable that the bulk density of the woven 
cartoon fiber fabric is less than about 0.65 g/cm^. and 
that the areal unit weight of the carbon fibers is in a 
range of about 400 to about 700 g/m^ 
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Description 

Field of the Invention: 

5 [0001 ] The present invention relates to a woven carbon fiber fabric, in more detail, a woven carbon fiber fabric formed 
by using thick carbon fiber tows respectively comprising about 40.000 to about 400,000 carbon filaments, a fiber rein- 
forced plastic molding obtained by using the woven carbon fiber fabric, and a production method of the molding. 

Description of the Prior Arts: 

10 

[0002] Carbon fibers have a low specific gravity, high tensile strength and tensile modulus of elasticity. A carbon fiber 
reinforced plastic (CFRP) obtained by molding the carbon fibers immobilized by a resin attracts attention as a compos- 
ite with a high strength and modulus of elasticity. 

[0003] The conventional CFRP uses thin carbon fiber yarns respectively comprising about 3.000 carbon filaments. 
15 The conventional CFRP uses a thin bi-directional woven fabric with the thin carbon fiber yarns arranged longitudinal and 
transverse, and with the area! unit weight of carbon fibers kept in a range of about 200 to about 400 g/m^. The conven- 
tional CFRP is produced by laminating many sheets of a prepreg formed by the thin bi-directional woven fabric impreg- 
nated with a resin, and molding the laminate in an autoclave, 

[0004] The conventional CFRP is disadvantageously high in production cost for the reasons described below. Since 
20 it is expensive though excellent in performance, it is used only in limited areas as an aircraft related structural material 
and a base of high quality sporting goods, and is not applied in general industrial areas. 

[0005] The conventional CFRP is expensive for the following reasons; (a) thin carbon fiber yarns are low in produc- 
tivity; (b) a woven caibon fiber fabric is low in productivity, since it is produced from thin carbon ftoer yarns; (c) since the 
obtained woven carbon fiber fabric is thin, many sheets of a woven fabric must be laminated to muster the carbon fibers 
25 necessary for producing a CFRP molding with desired properties, and in the production of CFRP. laminating many 
sheets of a fabric is very troublesome; (d) since the prepreg process is necessary, the cost for the prepreg process is 
added; and (e) an autoclave is necessary to require large equipment investment. 

[0006] For cost reduction, known are the resin transfer molding method in which a room temperature curable resin is 
injected by pressure into a mold containing laminated sheets of woven carbon fiber fabrics, and the vacuum bag mold- 
30 ing method in which a room temperature curable resin is injected into a mold containing sheets of woven carbon fiber 
fabrics laminated on it and entirely covered with a bag film and kept under reduced pressure (vacuum). These methods 
are effective to reduce the cost of CFRP production in terms of the above (d) and (e). However, the problems of (a) to 
(c) cannot be solved yet. 

[0007] It can be considered to use the conventional thin carbon fiber yarns for producing a woven carbon fiber fabric 
35 with a large areal unit weight of carbon fibers, and then to mold the woven fabric into a CFRP. However, this idea is not 
practically applied because of the following problems. That is, (f) if a bi-directional woven fabric in which carbon fiber 
yarns are arranged longitudinal and transverse is formed, the woven fabric obtained is large in the areal unit weight of 
carbon fibers, but since the longitudinal carbon fiber yarns and the transverse carbon fiber yarns cross each other, the 
carbon fiber yarns are greatly bent (crimped); if the woven carbon fiber fabric is molded into a CFRP, the carbon fiber 
40 yarns are stressed locally intensively, to decline in strength and modulus of elasticity disadvantageously. Furthermore, 
(g) a woven fabric in which carbon fiber yarns are arranged in uni direction is not lowered in strength since the yarns 
are not crimped; however, if the areal unit weight of carbon fibers of the woven fabric is increased, the fiber density 
becomes very large, to lessen the clearances between the respectively adjacent filaments, since the carbon fiber yarns 
are arranged in uni direction only, and the resin flow into the clearances between filaments becomes poor, taking much 
45 time for resin injection, thus lowering the resin impregnability into the woven carbon fiber fabric in such molding as resin 
transfer molding or vacuum bag molding. 

Summary of the Invention: 

50 [0008] The object of the present invention is to provide a woven carbon fiber fabric solving the problems of the above 
mentioned prior arts, a fiber reinforced plastic molding obtained by using said woven fabric, and a production method 
of said molding. 

[0009] To achieve the above object, the present invention uses thick carbon fiber tows with an intention to improve the 

resin impregnability of the woven carbon fiber fabric formed by the tows. 
55 [0010] In this specification, a CFRP includes both the cases where the reinforcing fibers of the plastic consist of car- 
bon fibers only and consist of carbon fibers and other fibers. 
[0011] The present invention for achieving the above object is described below. 

[0012] The woven carbon fiber fabric as a 1st embodiment is characterized in that many carbon fiber yarns respec- 
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r^i ' « « ^ o< « each o. «e 7""<^- '^^^r'sr^rc^^^^^^^^^ 

L very many filament, thai Is, has ™5»*^ST>.C«'e ya<ns can unites, its slrength and tej 
so stress ooocnttOlon does not occur. Tlie ^^'i^^'"^^,^ 6a,esn the respectl.. Haments. the flameras 

advantageously. . clearances are formed between the respective filaments The 

of about 5 to about 15 microns. strength of about 3 to about 4 GPa and has a tensile 

'°SL retSrof Sr.:»"r™Tnr«^»- - « n»*-t« o, ^ - as 
?^",?"„1f;eSe«..heca«on,»er yarns ..ad 2.«..«^.-en.*.»e,,^^^ 

br^.^^r,£r?h•^r^^r^™=>ii^;:So.n,^ 

of the yarns inhibits resin impregnation. :„„«rrtion as the 2nd entoodiment conforms to the woven carbon 

Xt.ZZ'^Z:^^^'^'^'^^^^ ,^ yarns . . a ran^e o. a^ . to 

-"top ... -^.rr^^'s^-^^^^'^^^'^'^' 

to about 350,000 deniers. :„„^otion the 4th embodiment conforms to the woven carbon 

s.rjr i;an^— ' 

.^.a,»tcw»ha«K<.^itvo,,ess,na„^0^^-=^^ 

up molding method. ^ 

55 [S)291 The bulk density (V) can be measured as follows. 
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where "t" Is the thickness of the woven fabric (cm). "A", the area of the woven fabric (cm^) and "w" is the weight of the 
carbon fibers in the area A of the woven fabric (g). 

[0030] The thickness T of the woven fabric is measured using a dial gauge as the thickness gauge referred to in 
clause 5.6 of J IS R 6702. In this case, a load of 3 kPa is applied to five overlying woven fabric sheets, and the thickness 

5 is measured 20 seconds after the application of the load, and is divided by the number of woven fabric sheets, to obtain 
the thickness per sheet. In the case of a uni-directional woven fabric, woven fabric sheets are overlaid in such a manner 
that the auxiliary yarns of the weft threads of respective overlying woven fabric sheets do not overlie each other, in order 
to keep the influence of the weft threads on the thickness of the woven fabric as small as possible. 
[0031] The woven carbon fiber fabric of the present invention as the 5th embodiment conforms to the woven carbon 

10 fiber fabric of the 2nd embodiment, wherein the number of filaments of each of the carbon fiber yarns Is in a range of 
about 40,000 to about 100,000. the fineness of each of the carbon fiber yarns is in a range of about 30,000 to about 
70.000 denie.rs. and the areal unit weight of the carbon fibers of the woven carbon fiber fabric is in a range of about 400 
to 700 g/m^. 

[0032] The woven carbon fiber fabric of the present invention as the 6th embodiment conforms to the woven carbon 
15 fiber fabric of any one of the 1st through 5th embodiments, wherein the warp threads are formed by arranging said car- 
bon ftoer yarns and the weft threads are formed by arranging auxiliary yarns In such a manner that the carbon fiber 
yarns as warp threads and the auxiliary yarns as weft threads form a woven structure. 

[0033] The woven carbon fiber fabric of the present invention as the 7th embodiment conforms to the woven cart>on 
fiber fabric of the 6th embodiment, wherein the clearances between the adjacent carbon fiber yarns are in a range of 
20 about 0.2 to 2 mm. 

[0034] The clearances between the carbon fiber yarns are measured as described below. 

[0035] From three different places in transverse and longitudinal directions of a woven fabric, 1 7 cm x 1 7 cm samples 
are taken. From the respective samples, photo images each of which is expanded 200% in both long and broad are 
obtained. On the obtained images, all the clearances between warp threads or weft threads are measured down to 0.1 
25 mm by vernier calipers. The obtained clearances are averaged. Half the obtained average value is the clearance 
between carbon fiber yarns. 

[0036] The woven carbon fiber fabric of the present invention as the 8th embodiment conforms to the woven carbon 
fiber fabric of the 6th embodiment, wherein the warp threads and the weft threads are bonded at their intersections by 
a polymer with a low melting point. 
30 [0037] The woven carbon fiber fabric of the present invention as the 9th embodiment conforms to the woven carbon 
fiber fabric as the 7th embodiment, wherein the warp threads and the weft threads are bonded at their intersections by 
a polymer with a low melting point, 

[0038] The woven carbon fiber fabric of the present invention as the 10th embodiment conforms to the woven carbon 
fiber fabric of any one of the 1st through 5th embodiments, wherein the warp threads are formed by arranging the car- 
35 bon fiber yarns and auxiliary yarns and the weft threads are formed by arranging auxiliary yarns in such a manner that 
the auxiliary yarns of the warp threads arxi the auxiliary yarns of the weft threads form a woven structure which keeps 
the carbon fiber yarns of the warp threads substantially straight. 

[0039] The woven carbon fiber fabric of the present invention as the 1 1th embodiment conforms to the woven carbon 
fiber fabric of the 10th embodiment, wherein the warp threads and the weft threads are bonded at their intersections by 

40 a polymer with a low melting point. 

[0040] The woven carbon fiber fabric of the present invention as the 12th embodiment conforms to the woven carbon 
fiber fabric of any one of the 1st through 5th embodiments, wherein the warp threads are formed by arranging said car- 
bon fiber yarns and the weft threads are formed by arranging said carbon fiber yarns in such a manner that the carbon 
fiber yarns of the warp threads and the carbon fiber yarns of the weft threads form a woven structure. 

45 [0041] The woven carbon fiber fabric of the present invention as the 13th embodiment conforms to the woven carbon 
fiber fabric of the 12th embodiment, wherein the warp threads and the weft threads are bonded at their intersections by 
a polymer with a low melting point. 

[0042] The woven carbon fiber fabric of the present invention as the 1 4th embodiment conforms to the woven carbon 
fiber fabric of any one of the 1st through the 5th embodiments, wherein the warp threads are formed by arranging the 
50 carbon fiber yarns and auxiliary yarns and the weft threads are formed by arranging the carbon fiber yarns and auxiliary 
yarns, in such a manner that the auxiliary yarns of the warp threads and the auxiliary yarns of the weft threads form a 
woven structure which keeps the carbon fiber yarns of the warp threads and the carbon fiber yarns of the weft threads 
substantially straight. 

[0043] The woven carbon fiber fabric of the present invention as the 15th embodiment conforms to the woven carbon 
55 fiber fabric of the 14th embodiment, wherein all the warp threads and the auxiliary yarns of the weft threads, or the aux- 
iliary yarns of the warp threads and all the weft threads are bonded at their intersections by a polymer with a low melting 
point. 

[0044] The fiber reinforced plastic molding of the present invention as the 1 st embodiment, which is produced by inte- 
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fabric of any one of the 1st through the 15th gnd embodiment conforms to the fiber rein- 

10045] The fiber reinforced plastic moldmg of ^l^^ PJl^^^^^'^^^^^^^ in addition to the fiber reinforced 

forced plastic molding of the 1st embodtment. ""^.^^^^^ the grooves are filled with said resin. 

SLstic and has grooves on the side to face the ^J^^^'" ^uTp^Ji^X invention as the 1st embodiment. 

fo046] The method for producing the f .ber ^^'^to-^^ffP'^f ™^ 3^,.J,rous m^^^^ placed on the mold, a bag film 
L using a vacuum bag molding apparatus composed ""l^^f^^l^'^^^y,^ inside from the outside, a resin supply 
frit Jled on the mold so as to contain the f ibrous "latenal .n«de and o seal the .ns ^ ^^^^ ^^^^^ ^^^^^ 

pipe for supplying a resin to be molded, through ^-^^^^ space in the bag film at a reduced pres- 
fn^talled on the resin supply pipe, and an a.r f ^^"f Je woven carbon f iber fabric of any one 

sure. Characterized i" that the fibrous mater,al .s part.a^^y or and that a diffusion medium for d.f- 

ot the 1st to 15th embodiments, that the resm is a room 'emP^'^'"^ j"', 

fusing the flow of the resin is provided in contect wrth present invention as the 2nd embodiment. 

t004f] The method for producing a f.ber --^"^J^^J'^^jnCus material placed on the mold, a bag film 
by using a vacuum bag molding apparatus °' to seal the inside from the outside, a resin supply 

installed on the mold so as to contain the fibrous matenaJm^^^^^ ^ ^^^^ ^a,^e 

pipe for supplying a resin to be molded, through ^'^^^^ ^J'^J^^e^^^^^^^ space in the bag film at a reduced pres- 
S^talled on ,he res.n supply pipe, and an a.r ^'^f "f^^Tl^^^^^^^^^^ the woven cartoon fiber fabric of any one 
sure, cha.actcr.zed .n that the fibrous matenal .s partaJV ^J^'^^^^^^^J,^ ,esin. and that a molding member w.th 
of the tot to 15th embod.ments. that the res.n ^r^P'^^h^^^^^ material. 

grooves IOC d,.»us,ng the How of the res.n .s P'°^'^^ present invention as the Zr6 embodiment 

brLrthTrr r "o^SnVLi;"^^ - - - — "-""^ 

member is a foam. 

Brief Description of the Drawings: 

[0049] 

Fig. 2 is a plan view showing another enibodimert of the wov^^^^ ^ invention. 

^;..,p,an-e«s^o»,n.,«i».u*»*e,e.*od^.n.o,.He,».e„ca,«n,^«>r,co,m.pre,en.i^^^^ 

e . a s*en»« lon*«,na, ^ .ew *<»-^ an «an^ 0. <o. . 

fa^'i^r^cS^eSr^irS'ng a. «a™p„ o, me ,esl. ^ madiun, ^ « «e appa,au« 
SriT&fwK. ,0,^ secon., a™.«« exan^e C .h. appa«» *>r p^dudn, a flba, 

rrar;n:S«ti.p..sp.*ev,^*^n^ 

^r^tasrr=sr::s.'^::.n^*--- 

DesCTiption of the Preferred Embodiments: 

carbon filaments 3. The carbon *«^f "J^^^^,^^^^^^^^ fabric 1 are the carbon fiber yarns 2. and 

[00521 The warp threads arranged to form the ^^^"^^^^ 4 have a low temperature melting polymer depos- 
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yarns 2. 

[0053] Another embodiment of the woven carbon fiber fabric of the present invention is described below in reference 
to Fig, 2. 

[0054] The woven carbon fiber fabric shown in Fig. 2 is a uni-directional woven fabric. The woven carbon fiber fabric 
5 6 has many arranged carbon fiber yarns 7. Each of the carbon fiber yarns 7 consists of about 40»000 to about 400.000 
carbon filaments 8. The carbon filaments 8 have filament interlacements. 

[0055] The warp threads arranged to form the woven structure of the woven fabric 6 are first auxiliary yarns 9. and 
weft threads arranged are second auxiliary yarns 10. In a woven structure formed by these auxiliary yarns 9 and 10. the 
respective carbon fiber yarns 7 are arranged in the direction of the warp threads (the first auxiliary yarns 9) across the 
10 weft threads (the second auxiliary yarns 10). The second auxiliary yarns 10 have a low temperature melting polymer 
deposited, and after the polymer is molten, solidified portions 11 are formed to bond the second auxiliary yarns 10 to 
the carbon fiber yarns 7. 

[0056] In this woven fabric 6. the carbon fiber yarns 7 are arranged like a sheet, and the second auxiliary yarns 10 
are located alternately on the right and wrong sides of the sheet. The first auxiliary yarns located between the respec- 
15 tive carbon fiber yarns 7 and the second auxiliary yarns 1 0 form the woven structure. As a result, the respective carbon 
fiber yarns 7 do not have the bends (crimps) formed by a woven structure. The CFRP formed by using this woven fabric 
Is not stressed locally intensively and has a high strength. 

[0057] The auxiliary yarns woven to form the woven fabric do not substantially bear the loads in the molding, and are 
used to keep the form of the woven fabric till the molding is produced, i.e., used to form the woven structure. Therefore, 
20 the fineness of each of the auxiliary yarns Is required to be in a range of about 100 to about 2.000 denlers. and it is 
preferable that they are thinner than the mainly used carbon fiber yarns. 

[0058] It is especially preferable that the fineness of each of the auxiliary yarns is in a range of about 100 to about 
500 deniers, being very thinner than that of the carbon fiber yarns and that the density of the auxiliary yarns of the weft 
threads is in a range of about 0.5 to about 8 picks/cm, since the woven fabric becomes bulky while the auxiliary yarns 

25 of the weft threads constrain the carbon fiber yarns less. 

[0059] It is preferable that the dry heat shrinkage at 1 50^*0 of the auxiliary yarns is less than about 0. 1 % for securing 
the dimensional stability of the woven fabric and for preventing the shrinkage caused by heating when the low temper- 
ature melting polymer is used for bonding at the intersections between the warp and weft threads. The fibers used as 
the auxiliary yarns can be carbon fibers, glass fibers or polyaramid f toers. 

30 [0060] In the above uni-directlonal woven fabric, It is preferable that the area! unit weight of carbon fibers is in a range 
of about 400 to about 2.000 g/m^. since the number of the woven fabric sheets laminated for obtaining the desired prop- 
erties of CFRP can be small, to lessen the trouble of fibrous material lamination work at the time of molding, hence sav- 
ing the labor for molding. 

[0061 ] It is preferable that the clearances between the respectively adjacent carbon fiber yarns are in a range of about 
35 0.2 to about 2 mm, since the clearances becomes the passages of the resin injected Into the fibrous material enclosed 
in a mold and a bag film in resin transfer molding or vacuum bag molding, to shorten the resin injection time for enhanc- 
ing the molding efficiency. 

[0062] Uni-directional woven fabrics with clearances formed between the respectively adjacent carbon fiber yarns are 
shown in Figs. 3 and 4. Fig. 3 shows a woven fabric with clearances C formed between the respectively adjacent carbon 
40 fiber yarns 2 in the woven fabric 1 shown in Fig. 1 . Fig. 4 shows a woven fabric with clearances C formed between the 
respectively adjacent carbon fiber yarns 7 in the woven fabric 6 shown in Rg. 2. 

[0063] In a uni-directional woven fabric, if the number of filaments constituting each of the carbon fiber yarns is in a 
range of about 40.000 to about 400.000. the yarn fineness is in a range of about 30,000 to about 70,000 deniers. and 
the areal unit weight of carbon fibers is in a range of about 400 to about 700 g/m^. then the woven carbon fiber fabric 
45 becomes bulky, and when the FRP obtained by using the woven carbon fiber fabric Is molded by the hand lay-up mold- 
ing method using a room temperature curable resin with a viscosity of about 2 to 7 poises, the woven cartx)n fiber ^brlc 
can be sufficiently impregnated with the resin by an ordinary impregnation roller. 

[0064] A further other embodiment of the woven carbon fiber fabric of the present Invention is described below in ref- 
erence to Fig. 5. 

50 [0065] The woven carbon fiber fabric shown in Fig. 5 is a bidirectional woven fabric. The woven carbon fiber fabric 1 2 
has many carbon fiber yarns 13 and 15 arranged. Each of the carbon fiber yarns 13 or 15 consists of about 40,000 to 
about 400.000 carbon filaments 14 or 16. The carbon filaments 14 and 16 have filament interlacements. 
[0066] The warp threads arranged to form the woven structure of the woven fabric 12 are the carbon fiber yarns 13. 
and the weft threads arranged are the carbon fiber yarns 15. The carbon fiber yarns 15 of the weft threads have a low 

55 temperature melting polymer deposited partially on the surfaces, and after the polymer is molten, solidified portions 1 7 
are formed, to bond the carbon fiber yarns 15 of the weft threads to the carbon fiber yarns 13 of the warp threads. 
[0067] The reason why a low temperature melting polymer is used for bonding the weft threads to the carbon fiber 
yarns in the above three embodiments is as follows. Since the thickness of each of the carbon fiber yarns used in the 



6 



3NSDOCID: <EP ^0909845A1_I_> 



EP 0 909 845 A1 



10 



15 



20 



25 



30 



35 



40 



tional woven carbon fiber fabric, the ""'"f.^/ °' '"^J^^'^n^^ of the present invention. So. v.hen the woven 

contributing to the woven structure .s ^^f '"'J^r^^^" "^^^^^^^^ the handling of the woven fabric. The bond- 

fabric is cut. the carbon fiber yarns are l.kely to ^^J^y^j *° J^^^^ of the woven fabric and improves the han- 
ing by the low temperature melfng polymer '"^^"^^ / J ^^^^^ of the present invention in which the warp 

difng convenience of the woven '«J"<=- ^ ^^^^^^ yam fraymg at the time of cutting. 

in lines or dots. . . „ ~o~rature malting polymer is less than about 6 g/m^ since a larger 

[0069] It is preferable that the amount o. u .c 'f ^"^^ ^^i' of CFRP. However. If the amount Is less 

by a slight amount. ^, ,^^^.cont invention if the f ibrous material existing there is formed 

10072] In the fiber reinforced plastic molding fabric of the present invention. If the fibrous 

Ly one woven fabric sheet, the woven ^^^^ '^^^^ sh'eets is the woven cartx>n fiber 

material consists of a plurality of woven ^bnc sheete at least one ot^ me ^^^^ ^^^^ ^.^^^ 

fabric of the present invention. Other woven *f "^.JrS tTglS^^^^ or polyaramid fibers, etc. 

ric of the present invention can be woven ^^"^"^ Ss such as epoxy resins, unsaturated polyester 

[00731 The matrix resins which can be "J polyamide resins, polyester resins. ABS 

r^eSrs™ 

pensive. . „Ktai„oH h« usina the woven carbon fiber fabric of the present invention 

[00751 The fiber reinforced plastic molding obtained by "^'"9 apparatuses. The woven carbon fiber 
Un bi produced by any of various conventionally ^k"^" 7'*^^^^^^^ yet bulKy is especially suitable 

rt^j^rn^r^arrvS^^^^^^^ 

ThIiSr reinforced plastic molding of the preser* invention as the 1st embodiment and the production method 
thereof are described below in reference to F.g. 6^ Including the woven cartoon 

23 of the f iber reinforced plastic molding to be Pf«l"ced. breather 24 is provided, and an air suction opening 

removed after the matrix resin has been cured. On the peel ply 26. a diffusion m 

r^rsrupSr^cr^^^^^^^^^ 

on the edge breather 24. a bag film 28 '^^J^^^'Z^ZTa^ixix resin supply tank (not illustrated) and opened in the 
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the bag film 28 and the mold 21 are sealed by sealants 31 and 32 respectively. 

[0083] The resin tank (not illustrated) contains a room temperature curable thermosetting resin (matrix resin) syrupy 
at room temperature mixed with a predetermined amount of a curable agent. 

[0084] The air in the space of the fibrous material 23 covered with the bag film 28 is discharged by a vacuum pump 
5 (not illustrated) through the suction opening 25 till the space reaches a reduced pressure of about 700 to about 760 
Torrs. Then, the valve 30 is opened, to start the supply of the resin into the fibrous material 23. 
[0085] The resin flow resistance in the plane direction of the diffusion medium 27 is smaller than that in the normal 
direction of the fibrous material 23. So, the resin spreads over the entire face of the diffusion medium 27 and then per- 
meates the fibrous material 23 in the normal direction. According to this method, since the distance for the resin to per- 
10 meate the fibrous material 23 is substantially the thickness of the fibrous material 23, the impregnation of the resin into 
the fibrous material 23 as a whole is completed very soon. The vacuum pump (not illustrated) is operated at least till the 
impregnation of the resin into the fibrous material 23 is completed. 

[0086] After completion of resin impregnation, the valve 30 is closed. The mold is allowed to stand at room tempera- 
ture till the injected resin is cured. After the resin has been cured, the bag film 28. diffusion medium 27 and peel ply 26 
75 are removed, and the FRP molding is taken out of the mold 21 . 

[0087] An example of the diffusion medium 27 is shown in Fig. 7. In Fig. 7. the diffusion medium 27 consists of many 
bars 33 and 34 arranged at predetermined intervals. The bars 33 and the bars 34 are arranged substantially to be per- 
pendicular to each other. 

[0088] Clearances are formed between the respectively adjacent bars 33 and between the respectively adjacerrt bars 
20 34. These doarafx:es form the passages of the resin. The bars 33 contact the bag film 28 at their tops, and the bars 34 
contact the peel ply 26 at their txjttoms. 

[0089] If the pressure in the space sealed by the bag film 28 is reduced through the suction opening 25, the resin 
flows into the center of the diffusion medium 27 trough the resin supply pipe 29. The injected resin flows through the 
clearances between the bars 33 and 34, The flow of the resin causes the resin to penetrate the peel ply 26 and to dif- 

25 fuse substantially uniformly over the entire surface of the fibrous material 23. 

[0090] The thickness of each of the bars 33 and 34 is not especially limited, but it is preferable that the thickness is In 
a range of about 0.2 to about 2 mm. It is preferable that clearances between the bars 33 and 34 are In a range of about 
0.2 to about 2 cm. The bars 33 and 34 can be. for example, made of polypropylene, polyethylene, polyester or polyvinyl 
chloride, or can be a metallic meshed sheet. The meshed sheet can be a meshed film, woven fabric, knitted fabric or 

30 net. etc. The bars 33 and 34 can also be formed by overlaying a plurality of meshed sheets as required. 

[0091] The fiber reinforced plastic molding of the present invention as the 2nd embodiment consists of a fiber rein- 
forced plastic with the woven carbon fiber fabric of the present invention contained In it and another molding member. 
The molding member has grooves on the side facing the fiber reinforced plastic, and the grooves are filled with the resin 
used to form the fiber reinforced plastic. 

35 [0092] The molding has a fibrous material laminated on the molding member with grooves formed as passages of a 
resin, and is furthermore covered entirely with a back film. The inside covered with the bag film Is kept In vacuum 
(reduced pressure), and the resin is diffused through the grooves of the molding member in contact with the fibrous 
material. Then, while the fibrous material laminate is impregnated with a room temperature curable resin, the fibrous 
material and the molding member are integrated, to produce the molding. In this method, the grooves formed in the 

40 molding member allow the resin to be easily diffused, with the FRP used as a surface member or a back member, and 
a fiber reinforced plastic molding in which the FRP and the molding member are integrated can be simply produced. 
[0093] An embodiment of the fiber reinforced plastic molding of the present invention as the 2nd embodiment and the 
production method thereof is described below in reference to Figs. 8 and 9. 

[0094] In Fig. 8. on a mold 41. molding blocks 42 and 43 with the same structure are placed. The molding block 42 
45 (43) is formed by a molding member 44 (45) and a fibrous material 46 (47) surrounding It. The fibrous material 46 (47) 
is a two-layer laminate comprising a woven fabric 48 (49) positioned inside and a woven fabric 50 (51) positioned out- 
side. At least either of the woven fabrics 48 and 50 is the woven carbon fiber fabric of the present invention. Further- 
more, at least either of the woven fabrics 49 and 50 is the woven carbon fiber fabric of the present invention. 
[0095] The molding blocks 42 and 43 are covered with a bag film 52. and at the periphery of the bag film 52. the bag 
50 film 52 is connected with the mold 41 by a sealant 53. to keep the Inside of the bag film 52 sealed from the outside fluid- 
tightly 

[0096] An example of the molding member 44 (45) is shown in Fig. 9. In Fig. 9, the molding member 44 has grooves 
60 in the top face 54. bottom face 55, front face 56. rear face 57. right-hand side face 58 and left-hand side face 59. 
These grooves 60 act as the passages of the resin when the molding is produced. 
55 [0097] A resin supply pipe 61 connected to a resin supply tank (not Illustrated) is opened to the surface of the molding 
member 44 through the sealant 53 and the fibrous material 46. A suction pipe 62 connected to a vacuum pump (not 
illustrated) is opened to the surface of the molding member 45 through the sealant 53 and the fibrous material 47. 
[0098] If the vacuum pump is actuated, to reduce the pressure in the space sealed by the bag film 52 through the 
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.^,,on 62. me n,a,.ix ,^>n «^ * «,e space «««^'^'^ '.^^^TJZt. .oTHuil 

molding menders 44 aod 45. lo P™!"" /'^^ '^'^IfS^* I^J^^^^^ „, woven eart,on lab,k=s. bu, 

0^1'™.:^-^ « - ,.o. can a^ co^a. 

[0,021 The fibe, reinto-cad plaslK; ■™f^,°L"L^ ^^Irrrthe (S^^^^ plasSc ard the moWng mem- 

grooves of the molding members are integrated with the ^^^.a trapezoidal or semicircular, etc.. 

Foi03] The sectional form of the '"^j^^^^^^^ of the resin and the bond- 

and the sectional form and dimensions can be ^^'^^ P "^^''^^^^^ preferable that the sectional form 

issr^mrnr^re^:^^^^^^^^^ 

Ubie that the molding members are formed by an organic or polypropylene. PVC. 

ro?oT-e molding methoddescribedab™ 

ro??;"?hrw;:raSoT.^fabr.^ 

Lnd yet is bulky since the '"--^"^^.^^^'"S^^^^^^ invention, the resin flov. 

ments. According to the method for producing a <'ber re.rfo ced P asftc n^^^^^^ P 
intheplanedirection of the fibrous matenalisassur^^^^^^ ^ 

^oTor T^e — to be « - -^^^^^ 

Llone and at least one layer in the fibrous matenal .s ^^X^r fabric shfet o the present invention can be of 

tion. The other layers in the fibrous material than the woven ''^fjj^^"^ ""^^^^^^^^ or continuous strand 

any ordinary v.oven carbon fiber fabric ^^^^^^^^^^ other layers in the 

45 mat. etc. formed by the other may be of a multi-axially stitched cloth 

fibrous material than the woven carbon *J«;^febr,c sheet °f the P^«^«^ "^^^^^^^^ -.3 ^„^r>ge6 in parallel 

comprising laminated sheets each of which ,s ^.^^^f ^ *':!.^;^^^^^^ (longitudinal direction of the 

wherein the sheets are arranged the or -K5» direciion (oblique direction of the 

fibrous material). 90<> direction (transverse direction of ,^,^,3 or polyamide fibers, etc. 

fibrous material) and sewn with a strtching yarn such as glass '.'^f P"'^^^!^^^^^^^ oarbon fiber fabric of the 

[0109] Especially in the case of a ^'^--^-j^J^^^^^ can have such a structure 

fiber ;arns are not interlaced with each f ^^^^^^^^ Sbe-Tr^i other reinfo^^^g fibers 
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in the vacuum bag molding, and the impregnation rate is also high. 

[01 11 ] The resins which can be used in the fiber reinforced plastic molding of the present invention include room tem- 
perature curable resins liquid at room temperature such as epoxy resins, unsaturated polyester resins, vinyl ester resins 
and phenol resins. It is preferable that the viscosity of the resin is low. i.e., in a range from akxjut 0.5 to about 1 0 poises 
in view of resin impregnability and impregnation rate. A more preferable range is about 0.5 to about 5 poises. Especially 
a vinyl ester resin can be preferably used for such reasons that it is excellent in moldability since it can be low in viscos- 
ity and as large as about 3.5 to about 12% in elongation, and that the molding obtained has high strength and excellent 
impact resistance. 

[Oil 2] The peel ply is a sheet peeled and removed from the FRP after the resin has been cured, and must allow the 
passage of the resin during molding work. It can be, for example, a woven polyamide fiber fabric, woven polyester fiber 
fabric or woven glass fiber fabric. Since the woven polyamide fiber fabric and the woven polyester fiber fabric are inex- 
pensive, they can be preferably used. However, to prevent that the oil and sizing agent used when the woven fabric is 
produced go into the resin of the FRP, it is preferable to scour the woven fabric before use, and furthermore, to prevent 
the shrinkage of the room temperature curable resin by curing heat, it Is preferable to heat-set the woven fabric before 
use. 

[01 1 3] The edge breather must be able to allow the passage of air and resin: The edge breather can be, for example, 
a woven polyamide fiber fabric, woven polyester fiber fabric, woven glass fiber fabric or a mat of polyamide fibers or pol- 
yester fibers. 

[01 1 4] The bag film must be air-tight. It can be, for example, a polyamide film, polyester film or PVC film. . 
[01 1 5] The method for measuring the hook drop value is described below in reference to Figs. 8, 9 and 10. 
[01 1 6] The hook drop value expresses the degree of interlacements between the respective carbon filaments consti- 
tuting the carbon fiber yarns in the woven carbon fiber fabric of the present invention. The hook drop value expressing 
the degree of interlacements is hereinafter expressed as FD^-jsj. The FD(-|5j is measured as follows. 
[01 1 7] Three 1 .000 mm wide and 1 .000 mm long pieces are sampled from the woven carbon fiber fabric of the present 
invention, and the 1 .000 mm long carbon fiber yarns used as warp threads or weft threads are taken out of the respec- 
tive sheets, by loosening without fuzzing and without twisting. 

[01 1 8] From the carbon fiber yarns, the deposited sizing agent is removed without disturbing the fiber arrangement 
[01 19] A measuring instrument 71 shown in Fig. 10 consists of a base 72, a graduated column 73 fixed on it vertically, 
a top clamp 74 installed at the top. a bottom clamp 75 installed below, a hook 76. a weight 77 and a cotton yarn 78 con- 
necting the hook 76 with the weight 77. 

[0120] A yarn 79 sampled as described above is fixed at its top end In the Instrument 71 by the top clamp 74. Since 
the width of the fixed yarn 79, i.e., the thickness of the yarn 79 affects FD(i5j, the yarn 79 is fixed by the top clamp 74 
so that the thickness of the yarn 79 may be uniform while the relation between the width B (mm) of the fixed yarn 79 
and the fineness D (deniers) of the yarn satisfies the following equation. 

B = 4x10"*xD 

[0121] Then, with a load of 4 mg/denier {not illustrated) applied at the bottom end of the yarn 79, the bottom end is 
fixed by the bottom claim 75 without twisting the yarn 79. The distance LA between the bottom end of the top clamp 74 
and the top end of the bottom claim 75 (clamp distance) is 950 mm. 

[0122] The detail of the hook 76. the weight 77 and the cotton yarn 78 connecting the hook 76 with the weight 77 is 
shown in Fig. 1 1 . The hook 76 Is formed by a metallic wire with a diameter of 1 mm. and has a hook portion bent with 
a radius of curvature of 5 mm in the central axis of the wire at its top. and a weight hanging portion connected with the 
cotton yarn 78 at its bottom. To the weight hanging portion, the weight 77 is attached by the cotton yarn 78. The dis- 
tance LB between the top of the hook 76 and the upper face of the weight 77. with the hook 76, cotton yarn 78 and 
weight 77 connected straight, is 30 mm. The weights of the hook 76 and the cotton yarn 78 are made as light as pos- 
sible, and the total weight obtained by adding the weight of the weight 77 to these weights is 15 g. 
[0123] The hook 76 is manually hooked in the yarn 79 at the center in the transverse direction of the yarn 79 fixed by 
the top clamp 74 and the bottom clamp 75, with the top of the hook 76 positioned at 50 mm below the under face of the 
top clamp 74. The distance between the under face of the top clamp 74 and the initial top position of the hook 76 when 
the hook 76 is hooked in the yarn 79 is indicated by symbol LC in Fig. 10. 

[0124] If the weight 77 hooked in the yarn 79 is released from hand, it starts dropping. With the drop of the weight 77. 
the hook 76 moves downward. However, the dropping of the hook 76 stops before long, being affected by the filament 
interlacements existing between the respective filaments of the yarn 79. So. the distance (cm) between the initial top 
position of the hook 76 and the terminating top position is measured. 

[0125] This measurement is repeated 10 times for one sample yarn taken out of one piece of the woven fabric. Since 
three pieces of the woven fabric are used, 30 measured values in total can be obtained. The FD^^sj is obtained as the 
average value of these measured values. 
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101 26] It can happen that the n.e,a..ic hook 76 drops to the P-f ^^^^^^^^ 

ping distance is regarded to be 900 mm. P-P-^-»7 '^^^^^^^^ can be achieved by 

Toi^Tl'The yarns 79 aresamp-edafterthewc^en^bHcisa..^^^^^^^^^ 

live hlidity for 24 hours. The FD,s) is measured ^^^^^P*^^^^^^^^^ depeXo" the amount and state 
[01281 If a sizing agent is deposited on the yarn 79. ^'^^^ hX^'S^^^ be removed by 

of the deposition. So. the sizing agent is Per^c«y re^^^^^ ^orEven Then the yam has the resin of prepreg or 
heat-treating the yarn in 7°°;^ n. Uog^^^ ^ou. Even when t ^^y^ ^^^^^^ ^^^^^ n^easurement. 

atmosphere for 5 hours. 
»5 Examples: 

Woven cartKjn fiber fabric A: 

. • u ■„ c;^ 1 Pr^nared was a woven carbon fiber fabric 1 (A) of plain weave 
[0129] A oni-directional woven fabric shown m F g. 1 . ^'^P^'^ '"^^^ filaments 3 as warp threads and 608- 

Lith 52.000-denler carbon fiber tows 2 ^^^^^^'^ ^^J^P"^^^^^ in uni direction only) at a 

denier glass fiber auxiliary yarns 4 as weft threads (hence =^'^5°";'!^^^^ ^rtx^n fiber unit weight of 500 

warpthreaddensityof0^87 ends/cm ataweft^^^^^ 

g/m2 and with the thread intersections fastened. ■^f^J^SnamsDaraSled with the auxiliary yarns of the weft threads 
produced. 50-denier low temperature melting copolyamKfe ^^^"^ Pf^f the weft to bond the carbon fiber 

were molten by a far infrared heater attached on the «^'"9;^.^^f;"3^-b^^^^^ i.aments constituting the 

yarns 2 with the auxiliary yarns 4. The ob^^«^^^^^ ^^.^ The FD,,., 

::rof?h:c^irfiryrr^^^^^^^ 
;srir~fr^ 

The woven fabric could be produced at a very low cost. 



20 



25 



30 



35 Woven carbon fiber fabric B: 



40 



45 



SO 



55 



[0131] Auni^irectionalwoventabricforcomparison^^^^^^^^^ 

50.400-denier carbon fiber yarns (each '^o'^PJf '"9 ^^^f " ^'^^^^^^^^ threads with 608-denier glass 

1 2.000 carbon filaments, hence comprising ^^^^J^^^ 'ni Son only) at a warp thread den- 

fiber auxiliary yarns as weft threads (»^^"^« '^^"Ji^^^^^ tiber unit wJght of 500 g/m^. In the 

sity of 0.89 ends/cm at a weft thread ^ °*5Xt^re cL* o^ ftotTy7rn^were arranged substantially in parallel 



Woven carbon fiber fabric C: 



,„„3, A unl^eCon., ween ,*,c ^ cc^.on. -"'^-^ "^^^ jTilCJ^e^* ^^^^^ 
3,600.d«.i» nnulMB^nt yarn. ™sp.ctiv* compns;ng '^^J J^^^T^ *ec«or onM »l a «arp 

glass fter auxiliary ,arr,s as »alt threads (hsnr^e Hilton ^,',^„,fc,,„„n«aiohtol2KgAi^ 
IhrsaddensHyof 6.3pi=l<stor, a,a^Jh,ead^^^^^^ ^^^^ ^ ^ 
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[0135] Features of the woven carbon fiber fabrics A. B and C are shown in Table 1. 



Table 1 



Woven carbon fiber fabric 


Woven fabric A 


Woven fabric B 


Woven fabric C 




Woven fabric of present 
invention 


Conparative woven fab- 
ric 


Comparative woven fab- 
ric 


Weaving speed (kg/1 hr) 


15 


15 


7,5 


Whether or not thread intersec- 
tions were fastened 


Yes 


No 


Yes 



[0136] The above woven carbon fiber fabrics A. B and C were used to produce fiber reinforced plastic moldings 
15 according to the hand lay-up method (molding method I) in Example 1 and Comparative Example 1.. and according to 
the vacuum bag molding method (molding method II) using the diffusion medium 27 (see Figs. 6 and 7) of the present 
invention, in Examples 2 and 3 and Comparative Examples 2 to 4. 

Example 1 

20 

[01 37] Two sheets of the woven carbon fabric A cut at 50 cm in the warp direction and 30 cm in the weft direction were 
used. The first sheet of the woven fabric A was coated with a room temperature curable vinyl ester resin with a viscosity 
of 3 poises uniformly and deaerated by a fluted deaeration roller, to prepare a 1 st layer of the woven fabric, and the sec- 
ond sheet of the woven fabric A was laminated on the 1st layer of the woven fabric as the 2nd layer of the woven fabric 
25 with the warp carbon fiber yarns kept in the same direction as that of the 1st layer of the woven fabric, and coated and 
impregnated with the same resin as used for the 1 st layer. The laminate was allowed to stand at 20**C, to cure the resin, 
for preparing a molding A. 

Comparative Example 1 

30 

[01 38] A molding B was prepared as described for preparing the molding A. except that the woven carbon fiber fabric 
B was used. 

[0139] The respective properties of the molding A obtained in Example 1 and the molding B obtained in Comparative 
Example 1 are shown in Table 2. Each tensile property of a molding is expressed as a transfer ratio to show the property 
35 of the molding exhibited compared to that of the carbon fibers used, since the woven fabrics A and B were different in 
the properties of the carbon fibers used to make the respective woven fabrics. 



Table 2 



Moldirig method 1 


Example 1 


Comparative Example 1 




Molding A 


Molding 6 


Woven cartx)n fiber fabric 


Woven fabric A 


Woven fabric B 


Thickness molding board (mm) 


2.2 


1.8 


Resin impregnated state 


Almost perfect 


Partially unimpregnated 


Transfer ratio of tensile strength (%) 


92 


72 


Transfer ratio of tensile modulus (%) 


100 


90 



[0140] The molding A produced by using the woven carbon fiber fabric A of the present invention was sufficiently 
impregnated with the resin, since the woven fabric was bulky, though somewhat thick, with the carbon fibers interiaced 
with each other in the carbon fiber yarns, even though the carbon fiber yarns were thick. Therefore, the transfer ratio of 
55 tensile strength was 92% and the transfer ratio of tensile modulus of elasticity was 100%. to sufficiently manifest the 
tensile properties of the carbon fibers used to obtain the woven fabric. 

[0141] On the contrary, the molding B obtained by using the woven carbon fiber fabric B was not sufficiently impreg- 
nated with the resin in the molding board, leaving especially the central portions of the carbon fiber yarns unimpreg- 
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not manifesting the tensile properties of the carbon fibers sufficiently. 



5 Example 2 

!r,^««pe 'ipn^i^ ■« *^ 28. the ™M 2. .rd the suction op«.h9 25 we™ s,al«l by a s«lam 32. to k~p 

roUr«tr<2ie^^ rh:S'"«h, 2^. a r«* ^p* P*.e 2^ w.s ^tatted, and the etea-nce ,™.nd .h. »«a«ea 

tic molding was taken out of the mold 21 , as molding C. 
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Comparative Example 2 

[01 491 Molding D was produced as described (or producing the molding C. except that the woven carbon fabric B was 
used instead of the woven carbon fabric A. 

Comparative Example 3 

.[01501 AmoldingEwasproducedasdescribedforproducingthemoldingC.exceptthattwosheetsofthewoven«^^ 
L fiber fabric C were -ed mstead of on^^^^^^^^ ^Zll^^ S^nlX^'^Z^^^^^ lamination time in Table 3 is the 

the total time of two persons. 



Table 3 



so 



Molding method 11 


Example 2 


Comparative Example 2 


Comparative Example 3 




Molding C 


Molding D 


Molding E 


Woven carbon fiber fabric 


Woven fabric A 


Woven fabric B 


Woven fabric C 


Composition of fibrous 
material 








Woven fabric (sheets) 


2 


2 


4 


Mat (sheets) 


3 


3 


3 


Lamination time (min) 


40 


47 


60 
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Table 3 (continued) 



Molding method 11 


Example 2 


Comparative Example 2 


Comparative Example 3 




Molding C 


Molding D 


Molding E 


Woven carbon fiber fabric 


Woven fabric A 


Woven fabric 6 


Woven fabric C 


Composition of fibrous 
material 








Resin injection time (mln) 


23 


50 


21 


Resin impregnated state 


Perfect 


Partially unimpregnated 


Perfect 



[0152] When the molding C was produced by using the woven carbon fiber fabric A of the present invention, the yarns 
were not frayed by cutting, since the woven fabric A had been fastened at the thread intersections. Furthermore, since 

15 the woven fabric A was large in the areal unit weight of fibers, the woven fabric as a whole was hard to some extent. So, 
even If the length was 5 m. it did not happen In the lamination work that the woven fabric was bent, or that the central 
portion of the woven fabric contacted the mold or the previously laminated sheet, and lamination could be completed 
substantially without any disturbance in the arranged fibers. The time taken for cutting 5 sheets of the woven fabric and 
the mat and laminating them was 40 minutes in total of two persons. 

20 [0153] Since the diffusion medium for the resin was installed, the resin could be immediately diffused over the entire 
surface area of 1 m x 5 m. and could permeate the fibrous material in the normal direction. The time taken for resin 
injection was 23 minutes. After curing of the resin, the molded board was cut, to observe the section, and it was con- 
firmed that the resin impregnation was perfect. 

[0154] When the molding D was produced by using the woven carbon fiber fabric B, the yarns were frayed by cutting 
25 since the woven fabric B had the thread intersections not fastened. Furthermore, since the woven fabric was large in 
the areal unit weight of fibers and soft, the woven fabric as long as 5 m was bent due to its own weight when it was going 
to be laminated, and it took a long time to laminate the respective sheets without allowing that the central portion of the 
woven fabric contacted the mold or the previously laminated sheet lest the arranged fibers should be disturbed. The 
time taken for cutting five sheets of the woven fabric and the mat and laminating them was 47 minutes in total of two 
30 persons. 

[0155] Since the woven fabric B had the yarns formed as densely bundled fibers, the overlying sheet of the woven 
fabric was poor in resin impregnability and penetrability, and before the resin impregnation was sufficiently achieved, 
the room temperature curable resin was cured in about 50 minutes. As a result, the underlying sheet of the woven fabric 
B in contact with the mold had portions not accessed by the resin, i.e.. unimpregnated portions at portions far away from 

35 the injection port of the resin supply pipe. So. no satisfactory molded board could be obtained. 

[0156] When the molding E was produced by using the woven carbon fiber fabric C, it did not happen that the central 
portion of the woven fabric contacted the mold or the previously laminated sheet since the thread Intersections were 
fastened, but the time for cutting and laminating the sheets of the fibrous material was 60 minutes in total of two per- 
sons, i.e., 1.5 times that taken for the woven fabric A, since the number of laminated sheets was as large as 7. 

40 [0157] Since the woven fabric C was small in the areal unit weight of carbon fibers per sheet, it was good in resin 
impregnability, and the time taken for resin injection was 21 minutes, being almost the same as in the case of the mold- 
ing C, 

Example 3 

45 

[0158] Prepared were two sheets of the woven carbon fiber fabric A of 1 GO cm in the width in the weft direction and 
100 cm in the length in the warp direction and three sheets of a chopped strarxJ mat of glass fibers with a width of 100 
cm and a length of 100 cm with an areal unit weight of 450 g/m^. 

[0159] On the mold 21 (see Fig. 6) coated with a releasing agent, the first sheet of the woven carbon fiber fabric A 
so was laminated, and on it, three sheets of the chopped strand mat were laminated one by one with the edges of the 
woven fabric A flush with the edges of the mat. Furthermore, on them, the second sheet of the woven cartx)n fiber fabric 
A was laminated, to form a fibrous material 23 comprising five sheets in total of the woven fabric and the mat. 
[0160] On the fibrous material 23, a woven polyamide filament fabric was placed as the peel ply 26. On it. two meshed 
polyethylene sheets respectively with a thickness of 1 ,0 mm. with a mesh size of 2.6 mm x 2.6 mm with a mesh opening 
55 rate (the rate of the area of meshes, with the total area as 100) of 62% were placed as a diffusion medium 27 to cover 
the upper surface of the fibrous material 23. 

[0161] Around the lateral sides of the fibrous material 23, a woven glass fiber fabric almost as thick as the fibrous 
material 23 was installed as the edge breather 24. On the under face of the edge breather 24. a suction opening 25 
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Jots/'^All^e'S Vtion Of the bag film 28. a resin supply pipe 29 was installed, and the clearance around the 
installing portion was sealed by a sealant 31 . reduced pressure of 755 Torrs. 

j5 resin had been perfectly impregnated. 
Comparative Example 4 

^ « faKri,. n ftf niain weave with 7 200-denier cartxjn fiber yarns respectively 
[01 65] Prepared was a woven carbon fiber fabnc D P'«'"^;^^« rlss iber auxiliary yarns as weft threads (hence 
comprising 12,000 carbon filaments as warp thr^^a^^^^^^^^^ 

rp=h:n™™r^^^^^^^^ 

abric D was used instead of the woven carbon f .ber '^"'^.A-^^f.^^f ^^^^^^ fabric B positioned 

of thefibrous materia. 23. thanks to the action of "^^^'"^^^^^^^ little clearances 

at the top of the fibrous material 23 had a '^^^^^^rea^^^^^^^^ strand mat positioned below 

rn\Tsroo?h%°rrr:^^^^^^^^^ 

S ni^SSer" Srt of resin injection, the resin began to be gelled. The molding work failed. 
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Claims 



arranged. 

2. A woven carbon fiber fabric, according to claim 1. wherein the hook drop value of the carbon fiber yarns is in a 
range of about 2 to about 30 cm. 

3. A woven carbon fiber fabric, according to claim 2. wherein the fineness of each of the carbon fiber yarns is In a 
range of about 25.000 to about 350,000 deniers. 

4. A woven carbon fiber fabric. acco«ling to claim 3. which has a bulk density of about 0.65 g/cvr? or less. 

5. Awovencarbonfiberfabric.accordingtoclaim2whereinthenun^^^^^^^^ 

a range of about 400 to about 700 g/m^. 

7. *«venca,bo„.iberfeb,ic.accordin,todan,6.v*e,eiMhaaeamncesb«ween«,,,especti..l,^ 
fiber yarns are in a range of about 0.2 to about 2 mm. 

8. A woven carbon fiber fabric, according to cteim 6. wherein the warp threads and the weft threads are bonded at 
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their intersections by a polymer with a low melting point. 

9. A woven carbon fiber fabric, according to claim 7, wherein the warp threads and the weft threads are bonded at 
their intersections by a polymer with a low melting point. 

5 

10. A woven carbon fiber fabric, according to any one of claims 1 through 5. wherein the warp threads are formed by 
arranging the carbon fiber yarns and arranging auxiliary yarns and the weft threads are formed by arranging auxil- 
iary yarns, in such a manner that the auxiliary yarns of the warp threads and the auxiliary yarns of the weft threads 
form a woven structure which keeps the carbon fiber yarns of the warp threads substantially straight 

10 

11. A woven cartx)n fiber fabric, according to claim 10, wherein the warp threads and the weft threads are bonded at 
their intersections by a polymer with a low melting point. 

12. A woven cartxjn fiber fabric, according to any one of claims 1 through 5, wherein the warp threads are formed by 
15 arranging the carbon fiber yarns and weft threads are formed by arranging the carbon fiber yarns, in such a manner 

that the carbon fiber yarns of the warp threads and the carbon fiber yarns of the weft threads form a woven struc- 
ture. 

1 3. A woven carbon fiber fabric, according to claim 12, wherein the warp threads and the weft threads are bonded at 
20 their intersections by a polymer with a low melting point. 

14. A woven carbon fiber fabric, according to any one of claims 1 through 5. wherein the warp threads are formed by 
arranging the carbon fiber yams and arranging auxiliary yarns and the weft threads are formed by arranging the 
carbon fiber yarns and arranging auxiliary yarns, In such a manner that the auxiliary yarns of the warp threads and 

25 the auxiliary yarns of the weft threads form a woven structure which keeps the carbon fiber yarns of the warp 
threads and the carbon fiber yarns of the weft threads substantially straight. 

15. A woven carbon fiber fabric, according to claim 14. wherein all the warp threads and the auxiliary yarns of the weft 
threads, or the auxiliary yarns of the warp threads and alt the weft threads are bonded at their intersections by a 

30 polymer with a low melting point. 

16. A fiber reinforced plastic molding, which is produced by integrating a fibrous material and a resin, characterized in 
that the fibrous material is composed of the woven cartoon fiber fabric stated in any one of claims 1 through 15, 

35 17. A fiber reinforced plastic molding, according to claim 16, wherein a molding member is provided in addition said 
fiber reinforced plastic, and has grooves on the side to face the fiber reinforced plastic, and the grooves are filled 
with said resin. 

18. A method for producing a fiber reinforced plastic molding, by using a vacuum bag molding apparatus composed of 
40 a mold, a fibrous material placed on the mold, a bag film installed on the mold so as to contain the fibrous material 

Inside and to seal the inside from the outside, a resin supply pipe for supplying a resin to be molded, through the 
bag film into inside the bag film, a resin supply control valve installed on the resin supply pipe, and an air exhaust 
opening for keeping the space in the bag film at a reduced pressure, characterized in that the fibrous material is 
partially or wholly formed by the woven carbon fiber fabric stated in any one of claims 1 through 15, that the resin 
45 Is a room temperature curable resin, and that a diffusion medium for diffusing the flow of the resin is provided in 
contact with the fibrous material. 

19. A method for producing a fiber reinforced plastic molding, by using a vacuum bag molding apparatus composed of 
a mold, a fibrous material placed on the mold, a bag film installed on the mold so as to contain the fibrous material 

50 inside and to seal the inside from the outside, a resin supply pipe for supplying a resin to be molded, through the 

bag film into inside the bag film, a resin supply control valve Installed on the resin supply pipe, and an air exhaust 
opening for keeping the space in the bag film at a reduced pressure, characterized in that the fibrous material is 
partially or wholly formed by the woven carbon fiber fabric stated in any one of claims 1 through 1 5. that the resin 
' is a room temperature curable resin, and that a molding member with grooves for diffusing the flow of the resin in 

55 the surface is provided In contact with the fibrous material. 

20. A method for producing a fiber reinforced plastic molding, according to claim 1 9, wherein the molding member is a 
foam. 
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